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(57) ABSTRACT 
A method is provided for communicating signals at a low 
power level in an electromagnetic interference (EMI) envi 
ronment. A first device transmits a modulated signal having a 
first carrier frequency, including the encoded information via 
a hardwire transmission medium. In one aspect, the power 
level of the modulated signal can be adjusted to minimize 
power consumption or reduce the generation of EMI. The 
modulated signal may be in one of the following formats: 
frequency modulation (FM) or phase modulation (PM) to 
name a few examples. A second device including a logarith 
mic detector amplifier (LDA) demodulator circuit receives 
the signal, which may be mixed with EMI. The LDA demodu 
lator circuit amplifies the modulated signal, without amplify 
ing the EMI, to Supply a demodulated baseband signal, which 
may be an n-ary digital signal, or an audio signal. A low 
power, noise insensitive communication channel is also pro 
vided. 
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LOW-POWER, NOISE INSENSITIVE 
COMMUNICATION CHANNEL USING 
LOGARTHMIC DETECTOR AMPLIFER 

(LDA) DEMODULATOR 

RELATED APPLICATIONS 

This application claims the benefit of a Provisional patent 
application entitled, FREQUENCY SELECTIVE LOGA 
RITHMIC AMPLIFIER WITH INTRINSIC FREQUENCY 
DEMODULATION CAPABILITY, invented by Forest 
Brown et al. Ser. No. 61/789,829, filed Mar. 15, 2013; 

This application claims the benefit of a Provisional patent 
application entitled, LOGARITHMIC AMPLIFIER WITH 
UNIVERSAL DEMODULATION CAPABILITIES, 
invented by Forest Brown et al. Ser. No. 61/798,521, filed 
Mar. 15, 2013. Both these applications are incorporated 
herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention generally relates to electronic communica 

tions and, more particularly, to systems and methods for using 
a logarithmic detector amplifier (LDA) demodulator circuit to 
enable low-power, noise insensitive communications. 

2. Description of the Related Art 
Electronic devices, such as portable Smartphones, demand 

have an ever increasing need for more data to be delivered at 
faster data rates. However, as the frequencies (clock rates) of 
the processors and logic circuits in these devices increase, 
their power consumption likewise increases. At the same 
time, there is a demand that portable devices be able to oper 
ate for more extended periods of time. One approach to 
addressing the problem of lower power consumption has been 
the use of multiple processors. For example, processor power 
consumption in the latest generations of Smartphone has been 
reduced by using a slower processor for Voice and text appli 
cations, and a faster processor for video applications. 
New complex modulation techniques such as 256-quadra 

ture amplitude modulation (QAM) have pushed Wi-Fi speeds 
up to 1 Gbps for the newest standard, IEEE 802.11ac. How 
ever, to achieve an acceptable bit error rate (BER), greater 
signal-to-noise ratio (SNR) is required, which limits the 
usable range for high speed data transfer. The same situation 
exists in the latest fourth generation long term evolution (4G 
LTE) platform for the cellular industry. SNR dominates the 
limits of service delivery. It has been estimated that a 3 deci 
bel (dB) SNR improvement would double the average data 
rate per user, and a 6 dB SNR improvement would corre 
sponds to S74 billion USD incremental earnings for carriers. 

Further, these electronic devices contribute to the genera 
tion of electromagnetic interference (EMI), and are likewise 
susceptible to EMI generated by other sources. EMI is mostly 
a function of the signal power, but also the edge sharpness of 
the signal. EMI problems can be addressed by controlling the 
edge of the transitions, and careful decoupling circuits, such 
as with the use of series resistors in digital lines. However, 
these signal conditioning methods require additional cir 
cuitry, and signal power must necessarily be increased to 
compensate for component loses, which again increases 
power consumption. 

It would be advantageous if high-speed communications 
between electronic devices could be conducted using a 
method that reduces power consumption and increases sen 
sitivity, while being less susceptible to EMI. 
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2 
It would be advantageous if the above-mentioned high 

speed communications could be conducted using a method 
that generated less EMI to interfere with adjacent circuitry. 

SUMMARY OF THE INVENTION 

The regenerative selective logarithmic detector amplifiers 
(LDAs) disclosed herein have similarities to Super-regenera 
tive receivers (SRO) in term of circuit topology. However, the 
LDA is a phase sensitive regeneration detector, while the SRO 
is an amplitude sensitivity regeneration device. In particular, 
the LDA has a self-quenching mechanism with low gain that 
amplifies the signal from the noise floor over a number of 
cycles. In contrast, the SRO has external quenching and high 
gain that makes its electrical behaviors and performances 
quite different. There are also some similarities between the 
LDA and DC or baseband log amps: both provide logarithmic 
amplification over a wide dynamic range. Furthermore, the 
LDA can have an intrinsic capability to demodulate analog or 
digital FM or AM & FM simultaneously. Examples of LDAs 
can be found in U.S. Pat. No. 7,911,235, issued to DockOn 
AG, the contents of which are hereby incorporated by refer 
ence in their entirety. 
The SRO typically suffers from poor selectivity and higher 

output noise when used for narrow band signals. SROs also 
may drift in temperature when the oscillator is LC based. The 
SRO receiver was quickly replaced by the super-heterodyne 
receiver for mainstream radio, because the latter has Superior 
selectivity and sensitivity. However, the SRO is simple and 
low power, and has been used over many decades for remote 
control systems, short distance telemetry, and wireless Secu 
rity. Selectivity and drift limitations were addressed at the end 
of the 1980s by the use of SAW devices. In the first decade of 
the 21st century, articles show a renewed interest in SROs for 
use in low power receivers up to the GHz range, and for 
moderate to high data rate applications. 

Baseband log amps are based on multiple Gilbert cells, and 
typically provide a good linearity over a mid to large dynamic 
range at low to high frequencies. Simpler logarithmic ampli 
fiers (e.g. DC log amps) are based on transistor logarithmic 
current versus Voltage transfer characteristic, and address 
applications ranging from DC to low frequency. 
A method is provided for communicating signals at a low 

power level in an electromagnetic interference (EMI) envi 
ronment. A first device is described that transmits a modu 
lated signal having a first carrier frequency, including 
encoded information, via a hardwire transmission medium. In 
one aspect, the power level of the modulated signal can be 
adjusted to minimize power consumption or reduce the gen 
eration of EMI. The modulated signal may be in one of the 
following formats: frequency modulation (FM), phase modu 
lation (PM), Gaussian frequency-shift keying (GFSK), mini 
mum-shift keying (MSK), Gaussian minimum-shift keying 
(GMSK), pulse width modulation (PWM), or amplitude 
modulation (AM). The transmission medium may be a trace 
on a printed circuit board (PCB) or a wire in a wire harness, to 
name a couple of examples. Because the transmission is 
modulated, it can be sent at a lower power level than a con 
ventional baseband binary logic digital signal (i.e., a 
sequence of encoded “1's and “O's). 
The hardwire transmission medium is typically exposed to 

an environment comprising EMI, and the EMI is combined 
with the modulated signal on the hardwire transmission line 
to create a mixed signal. A second device including a loga 
rithmic detector amplifier (LDA) demodulator circuit 
receives the mixed signal. The LDA demodulator circuit 
amplifies the modulated signal, without amplifying the EMI, 
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to Supply a demodulated baseband signal, which may be an 
n-ary logic digital signal or an audio signal. 

For example, the first device may transmit an n-frequency 
shift keying (n-FSK) modulated FM signal. Then, the second 
device may supply log(n) streams of baseband binary logic 
digital signals, or a single digital stream of n logic levels as a 
result of demodulation. More explicitly, the LDA demodula 
tor circuit converts the modulated signal to a series of second 
frequency pulses at an encoded information rate. The LDA 
demodulator circuit includes a frequency-to-voltage con 
verter (FVC) that converts the series of second frequency 
pulses to a series of voltage levels at the encoded information 
rate, which may be interpreted as an audio signal oran n-ary 
logic signal. 

Additional details of the above-described method and a 
low-power, noise insensitive communication channel are pro 
vided below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts example input and output signals from an 
LDA. 

FIG. 2 depicts a combination of the input and output sig 
nals from FIG. 1. 

FIG.3 depicts an input with signal and noise, a regenerated 
signal, and output frequency pulses at low level. 

FIG. 4 depicts an input with signal and noise, regenerated 
signal, and output frequency pulses at higher input level. 

FIG. 5 depicts time variant oscillations and quenching 
cycle of an LDA with FM demodulation capability. 

FIG. 6 depicts a quadripole with a parallel resonant circuit 
and a series resonant circuit. 

FIG. 7 depicts a Bode plot showing the approximate 
response of the quadripole. 

FIG. 8 depicts a block diagram of LDA with integral FM 
demodulation circuit. 

FIG. 9 depicts an embodiment of a schematic of an LDA 
with FM demodulation. 

FIG. 10 depicts an example of a conversion of a pseudo 
digital frequency input to a digital output pulse stream. 

FIG. 11 depicts conversion of digital pulse stream to digital 
equivalent Voltage sample. 
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FIG. 12 depicts an example of an analog frequency to 

Voltage converter. 
FIG. 13 depicts one embodiment of an analog detector. 
FIG. 14 depicts another implementation of an LDA. 
FIG.15 is a schematic block diagram of a low-power, noise 

insensitive communication channel. 

FIG. 16 depicts an exemplary communication scenario. 
FIG. 17 is a schematic block diagram of a variation of the 

communication channel system depicted in FIG. 15. 
FIG. 18 is a schematic diagram of the first modulator of 

either FIG. 15 or FIG. 17, enabled as an LDA-VCO. 
FIG. 19 is a schematic block diagram depicting a variety of 

LDA demodulator-enabled communication channels. 

FIG. 20 is schematic diagram depicting an exemplary ver 
Sion of the LDA demodulator of FIG. 15. 

FIG. 21 is a schematic block diagram of a digital FVC 
circuit and mapping circuit. 

FIG. 22 is a schematic diagram depicting an exemplary 
analog FVC circuit. 

FIG. 23 is a schematic diagram of an exemplary signal 
conditioning circuit. 

FIG. 24 is a flowchart illustrating a method for communi 
cating signals at a low power level in an EMI environment. 
FIG.25 is a flowchart illustrating a method for communi 

cating signals at low power levels. 

DETAILED DESCRIPTION 

The logarithmic detector amplifier (LDA) technology 
described herein brings significant enhancements to the state 
of the art Super-regenerative oscillators (SROs) and log amps. 
For examples, LDAs can have intrinsic ability to demodulate 
frequency with high skirt ratio, very high sensitivity and noise 
Suppression, very high dynamic range, Superior discrimina 
tion, and flexible placement in a receiver chain without draw 
back. Table 1 compares various LDA, SRO, and amp tech 
nologies with their respective pros and cons. 

TABLE 1. 

Comparison of LDA, SRO, and amp technologies 

Parameters 

Receive sensitivity 
(a) 1 MHz bandwidth 

Dynamic range (min. 
to max. signal level 
range) 
Ability to directly 
demodulate FM 

Demodulation 
discrimination (FM) 

Reduce Noise 
Noise 

Placement in 
receive chain 

Quenching process 

LDAs 

Very high, 
on the order of 
-114 dBm 
Very high, 
on the order of 100 dB 

Yes 
FM, AM & both FM/AM 
incl. digital modulations 
Superior, high skirt ratio 
Up to 4 dB higher than 
standard discriminators 
Yes 
Bandwidth dependent, 
typ. 
equal to noise power 

ANYWHERE without 
loss of receive sensitivity 

Self-quenched leading to 
very high sensitivity 

SROS 

Medium to high, 
on the order of -80 dBm 
to -90 dBm 
Medium, 
In the order of 20 to 
60 dB 
No 
AM only 

None 

No 
Maximum noise, min. 
6 dB above noise floor 
to be usable 

ANYWHERE with OSS 
of receive sensitivity 
(except if upfront) 
Externally quenched 
(or synchronized) 

DC or baseband 
Log amps 

Medium to high, 
on the order of -80 dBm 
to -90 dBm 
High, 
In the order of 40 to 
90 dB 
No 

None 

No 
Maximum noise 
minus 10 dB, min. 6 dB 
above noise floor to be 
usable 
N.A. 
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TABLE 1-continued 

Comparison of LDA, SRO, and amp technologies 

Parameters LDAs SROS 

Phase sensitive 
regeneration 

Amplification mode Amplitude sensitive 
regeneration 

Circuit topology Proprietary Generally 
Colpitt oscillator 
based 

Gain Low High 

The LDA technology described herein concerns a regen 
erative logarithmic detector amplifier (LDA) with integrated 
FM demodulation (FM-LDA) that can receive wired or wire 
less FM, AM, or FM & AM signals with increased sensitivity, 
interference rejection, and bandwidth relative to circuits in 
current use. The LDA can also amplify signals while mini 
mizing noise. 
The FM-LDA achieves these goals with integral hardware 

that improves the signal-to-noise ratio SNR of an AM or FM 
input signal by restarting its cycle automatically, and without 
external means, whenever the input signal reaches a specific 
amplitude over time (threshold). The LDA circuit thereby 
converts amplitude or frequency modulated input to an output 
stream of low intermediate frequency (“IF) frequency 
pulses, in which the instantaneous frequency modulates with 
the input wave (i.e. AM/FM transposed to an IF band). This 
output stream is provided as a quasi-digital frequency-pulsed 
modulated signal. When AM modulated the conversion is 
made through an intrinsic logarithmic scale and then output. 
The same frequency-pulsed modulated output can also be 

converted to baseband or demodulated (0 Hz to F max) to a 
Voltage varying with time via the adjunction of an analog 
frequency to amplitude converter, a peak detector or a digital 
counter, logic inverter, and digital rescaling circuit. 
The innovative FM-LDA circuit can perform several func 

tions, some simultaneously: Logarithmic amplification, Sig 
nal regeneration, frequency conversion, noise filtering, inter 
ference rejection, and analog/digital amplitudeffrequency 
demodulation. In AM mode, the output frequency is propor 
tional to the logarithm of the input Voltage. 
By amplifying the signal while reducing noise over n 

cycles, as part of the non-conventional process of fre 
quency transformation, the LDA acts as a regenerative 
receiver and amplifier. 

An intrinsic log function converts linear input to logarith 
mic output, making the detection possible at very low 
input levels which allows for roughly 100 dB of usable 
dynamic range. 

The LDA can transcode an FM input to a different fre 
quency. 

The LDA can use adjustable frequencies to handle various 
channels and circuit boards. 

The LDA receiver circuit provides very high sensitivity. 
The LDA is cost-effective, scalable, and capable of being 

integrated directly into IC chips. 
The LDA can accommodate analog, digital, AM, and FM 

demodulation. Other type of demodulation such PM are 
feasible with the adjunction of additional circuitry— 
making it useful in a wide range of practical applica 
tions. 

Applications are numerous. LDA technology can be inte 
grated into nearly every electronic system that would benefit 
from higher sensitivity, higher dynamic range, lower power 
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consumption, better interference rejection, increased band 
width, better signal-to-noise ratio (SNR), longer range, and/ 
or cleaner amplification. 

FIG. 1 depicts example input and output signals from an 
LDA. An LDA can give a low-level input signal 101 within its 
frequency capture bandwidth, masked by white Gaussian 
input noise 102. The LDA can regenerate an amplified input 
signal 103 over a number of periods, until reaching a thresh 
old level. When the input threshold level is reached, the LDA 
can generate an output pulse, and restart its cycle. 

Because Gaussian noise is random and uncorrelated with 
the input signal, and as the regenerated amplified input signal 
103 increases, the noise can be averaged out and kept to the 
same value therefore not amplified over a number of periods, 
as shown by reduced noise 104. 

FIG. 2 depicts a combination of the input and output sig 
nals from FIG. 1. When combining input signals 201 over a 
number of periods, the resulting curve 202 represents a regen 
erated and amplified signal with reduced jitter over time. 

This effect is similar to a LASER in which photons are 
amplified in a cavity at a specific wavelength. At a resonance 
frequency, a standing wave builds up energy constructively 
over time. At the end of the buildup period, a discharge of 
higher energy is produced, and the process restarts. 
The following example explains the regeneration process 

that takes place from the noise floor with a slow buildup of 
coherent energy (and reduction of amplitude jitter). There is a 
large noisy room with two similar mechanical forks of high 
quality factor and identical frequency resonance, each on a 
different sides of the room. The first fork (excitation source) 
is beating at a low and constant level. The second fork can 
barely “hear the first one due to the high level of noise. After 
Some time, the second fork will amplify and resonate at the 
tone frequency of the first fork with high amplitude level 
irrespective of the noise level in the room due to its high 
quality factor, due to the weak coupling between both forks 
and finally due to its slow synchronous buildup of mechanical 
energy. An important factor is the slow response in order to 
build up the signal but average out the random noise. 

FIG.3 depicts an input with signal and noise 301, a regen 
erated signal 302, and output frequency pulses 303 at low 
level. 

FIG. 4 depicts an input with signal and noise 401, regen 
erated signal 402, and output frequency pulses 403 at higher 
input level. FIGS. 3 and 4 show a longer time scale of the 
input, and the effect on output frequency: the input signal 
(including noise) is shown in at the top, the regenerated signal 
is shown in the middle, and the output repetition rate is shown 
at the bottom. When the input signal is at a low level, as shown 
in FIG. 3, the LDA takes time to regenerate the signal and 
reach a constant threshold value. In the time window of FIG. 
3, five regeneration cycles are created. FIG. 4 shows a higher 
input signal and a corresponding faster regeneration time to 
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reach the threshold. As a result, the LDA produces more 
regeneration cycles in the same time window. In addition, the 
output pulses are almost constant in amplitude for any low 
to-high input signals, which is remarkable given the large 
dynamic range involved. 
As far as the AM mode, the output frequency of the LDA is 

proportional to the logarithm of the input voltage: 

Four-Fot-Kxlog(VN) in Hz, or 

Four-Fot-K-x(LINs) in Hz 
where: 
Fo is a minimum fix frequency, 
K and K- are constant values, 
Vx(t) is the RMS value of the input signal Vy(t), 
Lix, the input level Lwin dBm, 
For(t) is the output frequency. 
The ability of LDA technology to enhance the transport of 

information, in both wired and wireless systems, is based on 
the generation of an output frequency that can be easily con 
verted into a pulse stream of data with logic levels. The 
information is in the frequency, not the amplitude domain. 

If desired, the output frequency can be converted into volt 
age modulation in analog or digital form. In this case, the 
output Voltage after low pass filtering becomes: 

oUT RMSK3xlog(rNs) in V, or 

oUT RMSK4x (LINp.) in V 

where: 
Vorz Ras(t) is the output Voltage, and 
K3 and K4 constant values. 
An LDA with FM demodulation circuit can possess many 

intrinsic properties of value to a wide range of commercial 
technologies. The following paragraphs include a non-exclu 
sive list of the types of value that may be possible from an 
LDA with FM demodulation circuit. 
The conversion of Voltage modulated input signals to fre 

quency modulation in the IF range, and the use of logarithmic 
decompression, are particularly effective at reducing noise 
and expanding the dynamic range of weak signals relative to 
noise. These attributes make the LDA ideally suited to many 
applications, such as: 

Splatter-prone radar, micro-signal medical devices like 
ultrasound, MRIs, and CAT scans; fish finders and sonar 
in general; and collision avoidance; 

signal analyzers, power meters, and RF transmitter ampli 
fiers; 

wireless networks such as Wi-Fi: 
simple, low power consumption frequency-to-digital con 

Verters based on LDAs, as a replacement for high reso 
lution, fast, but expensive AD converters: 

pipeline metering and communication in the oil, water, and 
gas industries; and, 

replace expensive ADC converters with several possible 
configurations of LDAs and PLLs. 

The ability of LDAs to filter random noise from weaker 
signals gives them the means to extract, for example, a few 
dBs of signal from the noise floor for smartphone devices or 
cellular base station receivers. To further reduce the output 
power of cellphones (improved RF budget link), and thereby 
extend their battery life and range, LDA technology can be 
integrated into mobile phones. Further, cellular base stations 
can use LDAS to recover weaker signals. LDAS can also 
reduce the power consumption of microprocessors, such as 
CMOS processors, by integrating the LDAs directly into 
processing chips. 
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8 
Since the LDA regenerates the input signal and actively 

reduces noise, the LDA can significantly increase the SNR 
ratio even if placed after the first or second block in an 
amplification chain. For instance, a very good sensitivity for 
FM radio demodulation at 88-108 MHZ has been measured 
when combining an LDA with a low-noise amplifier. 
LDAs can demodulate directly analog/digital AM, FM and 

other modulations such as FH-SS, and n-ary analog and digi 
tal FM and AM modulations with the addition of more cir 
cuitry Such as PLL(S), mixer(s), synthesizer(s), etc. 
LDAS can regenerate many types of low level RF signals if 

tuned near or at the RF modulating frequency. Simplification 
of a wireless digital receiver can be obtained by using the 
LDA to replace several functions of a standard digital receiver 
(RF to low intermediate frequency or to baseband with direct 
digital conversion). 

In baseband microvolt sensors (e.g. audio bandwidth 20 
HZ-20 KHZ), the LDA can be used as a very low noise and 
high discrimination conversion gain amplifier with digital 
output. 

FIG. 5 depicts time variant oscillations and quenching 
cycle of an LDA with FM demodulation capability. In one 
embodiment, the LDA can be regarded as a LC circuit with a 
variable conductance, the latter varying cyclically from posi 
tive to negative. More specifically, FIG.5 depicts a cycle 501 
from the start of the cycle 502 to the end of the cycle 503. The 
oscillation builds up 504 until it reaches a threshold level 505 
where the oscillation is shunt 506 progressively to zero. 

FIG. 6 depicts a quadripole 600 with a parallel resonant 
circuit 601 and a series resonant circuit 602. The LDA with 
FM demodulation capability is based on the use of a quadri 
pole made of a parallel and series resonator circuits 601 and 
602 as shown in FIG. 6. It is designed to be a bandpass filter 
with a null phase in the passband. An example of parallel 
resonant circuit is an Lan C connected in parallel, a line of 
transmission having open(s) or short(s) stub(s) adequately 
placed, a crystal resonator, a SAW circuit, a BAW, or a com 
bination of these. An example of series resonant circuit is an 
L an C mounted in series, a line of transmission having 
open(s) or short(s) stub(s) adequately placed, a crystal reso 
nator, a SAW circuit, BAW, or a combination of these. 
The transfer function in amplitude and phase of the quad 

ripole of FIG. 6 is shown in FIG. 7. Horizontal scale is 
frequency in HZandvertical scales are respectively gain in dB 
and phase in degree. 

FIG. 7 depicts a Bode plot showing the approximate 
response of the quadripole. The useful operating range for 
FM/AM demodulation in shown in the ellipse with dashed 
lines. The plots in FIG. 7 show the amplitude versus the 
frequency (top) and response phase vs. frequency (bottom). 
Depending on the design of the quadripole and interaction 
with the rest of the LDA, the gain can be designed to be flat or 
rounded versus pointy with the two spikes as shown in the 
diagram. 

FIG. 8 depicts a block diagram of LDA with integral FM 
demodulation circuit. The behavior principle is the following: 
An amplifier A81 is made to oscillate with the capacitor C81 
in loopback. A typical amplifier may be a NPN, PNP transis 
tor, a FET transistor, A MOS transistor, a dual gate FET 
transistor, etc. Also, the configuration of the active circuit can 
be Darlington, common-base, common collector, common 
emitter, cascode, differential pair, etc. Other types of ampli 
fiers, such as single or multiple stages amplifiers, logic ampli 
fier may be used. An amplifier can be made by any number of 
processes, such as Silicon, Bi-CMOS, GaAs, or any other 
process. 
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The simplest implementation is to have a 180-degree shift 
from the input 801 to the output of the amplifier A81 and the 
oscillation maintained with C81 as a weak or strong coupling. 
In other words, the value of C81 is selected to reduce the 
amplifier gain to a low value. The quadripole is added to the 
output of A81 and due to its high lower attenuation in the 
passband, making the amplifier resonate at or around the 
center frequency. The optimal FM demodulation mode 
occurs when the circuit is adjusted to operate at the center of 
the null phase range as shown in FIG. 7. Moreover the maxi 
mum frequency deviation that can be demodulated without 
distortion is equal or larger than the null phase bandwidth, so 
the bandpass filter quadripole can be designed to accommo 
date the target deviation, whether narrow or wide. 

Another important piece of the LDA behavior is the RC 
circuit R81 and C83 acting as a sampling circuit. When con 
nected to the amplifier, it charges cyclically and as its poten 
tial grows, the Voltage across R81 grows that increase the 
output current of the amplifier. At the same time, the input 
bias current of the amplifier reduces and at a given threshold 
switches off the amplifier and therefore the oscillations. At 
this point, the charge accumulated into C83 discharges in R83 
and as a consequence the voltage on R81 and C83 decreases 
to Zero. The cycle restarts and since the potential on R81 and 
C83 is low the amplifier bias current tends to increase and 
after a little period of time the oscillation build up again. 

After low pass filtering, the signal on R81 and C83 is the 
output repetition frequency and its shape may resemble the 
envelope of the cyclic oscillation frequency shown in FIG. 5. 

The diode D81 couples the amplifier to the RC circuit R81 
and C83 and acts as a low pass filter with good RF behavior. 
It has a low impedance when in conduction (positive half 
cycle of the input voltage) and high impedance when in 
non-conduction (negative half cycle of the input Voltage), 
thus acting as a rectifier and low pass filter when loaded with 
a RC circuit. 
The input is weakly coupled to the top of diode D1. The 

input matching is important and a good matching can improve 
the performance by a significant factor. An optional capacitor 
(not shown in FIG. 8) may be connected between the cathode 
of D81 and the bias of the amplifier to increase the coupling 
and facilitate the repetitive cycling. 

In another implementation, the diode D81 can be replaced 
with an inductor of relatively high value, e.g. ten times the 
value of the inductance of the resonator, in the range of 100 
nH to 1 mH. If the LDA oscillation operating frequency is too 
high, the parasitic may adversely impact the low pass effect 
and a more ideal component Such as a diode may be used. In 
a further additional implementation, D81 can be replaced by 
an active component such as a transistor that is properly 
biased. 

There are several types of FM discriminators or demodu 
lators: Foster-Seeley, Travis, quadrature detector, PLL 
amongst other. The Foster-Seeley discriminator uses a special 
center-tapped transformer that is tuned for the frequency of 
use and two diodes in a full wave rectification. When there is 
no deviation, both halves of the transformer are equal. When 
a FM signal is applied, the balance is destroyed and a signal 
appears at the output that is proportional to the frequency 
deviation. 
The Travis discriminator is similar to Forster-Seeley. The 

secondary of the transformer has a center tap and two oppo 
site branches, each branch is connected to a tuning circuit and 
a slope detector. A first tuning circuit resonates slightly higher 
than the carrier, while the second one slightly lower. The 
output is the difference between the voltages of slope detector 
1 and 2. When a FM modulation is applied and deviates 
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10 
toward a frequency higher than the carrier, the Voltage of 
detector 1 goes positive while the one of detector 2 negative. 
The output voltage and difference between both is positive. 
When a FM modulation deviates toward lower than carrier 
frequency, the opposite happens and the output Voltage 
becomes negative. The addition of the two resonance curves 
of opposite signs, gives a nice “S” curve characteristic output, 
for which the large middle section is linear. 

In the quadrature detector, the input is split in two and one 
of the paths is delayed by 90 degrees and applied to a resonant 
LC circuit. The two signals finally feed a phase comparator 
and the result that is low pass filtered is the demodulated FM 
output. 
The phase-locked loop (PLL) is one type of FM discrimi 

nator whose wide-spread adoption occurred with the easy 
access of integrated circuits. The phase of the incoming FM 
signal is compared to the phase of a Voltage-controlled oscil 
lator (VCO). The result is low pass filters and controls the 
VCO. As the frequency of the input changes, a correction 
Voltage appears at the phase detector, which acts to compen 
sate the phase difference by increasing or decreasing the 
phase and frequency of the VCO. If the loop bandwidth of the 
PLL is designed appropriately, the correction Voltage to the 
VCO is also the demodulated output voltage. 

In contrast, the LDA technologies disclosed herein bring 
Some important novelties. An S-curve characteristic output is 
provided as with other discriminators, and the LDA simulates 
the performance of a Travis discriminator simply by having a 
low gain amplifier that only oscillates if the phase of input and 
output are 180 degree from each of other. However in the 
LDA technologies disclosed herein the S-curve exceeds the 
quadripole passband bandwidth. In consequence the FM 
LDA does not need an automatic frequency control AFC as 
conventional FM discriminators and it does not need to sit 
exactly in the center of the S curve. With the LDA there is an 
auto-centering effect. 
When the phase is distorted into the S-curve, the LDA 

oscillator tries to stay at the center of it. If the deviation goes 
high in frequency, the repetition rate decreases, if the devia 
tion goes below or lower in frequency, the repetition goes 
faster. It is similar to having a power meter which can have 
three readings: close to center channel, center channel or 
above channel. If the S-curve is very wide, it can demodulate 
very wide FM. On the other hand, if the S-curve is narrow, it 
can demodulate narrow FM. 
The output repetition frequency contains the phase and 

frequency information and is modulated at a low intermediate 
frequency by the FM input signal. Standard FM discrimina 
tors employ a constant amplitude. In the LDA technologies 
disclosed herein, this is provided intrinsically by the LDA that 
has a large amplitude input dynamic range and that provides 
an almost constant repetition rate amplitude regardless of the 
input amplitude large or very Small. The baseband signal is 
recovered by an analog or digital frequency to Voltage con 
verter (FVC). 

Since being regenerated by the FM-LDA, the advantages 
here include one or more of the following: very high sensi 
tivity over a high dynamic range, constant repetition output 
amplitude, high skirt ratio (high selectivity), and FM or AM 
demodulation that add a few more dB of amplitude to the 
baseband demodulation amplitude. 

FIG.9 depicts an embodiment of a schematic of an LDA 
with FM demodulation. FIG. 9 shows an implementation of 
an LDA with FM demodulation capability. The parallel reso 
nator circuit L91/C93 and series resonators circuit L92/C98 
are found on the collector of the amplifier. In one embodi 
ment, the amplifier can be a NPN transistor. The transistor 
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provides a 180 degree phase shift between collector and emit 
ter, C91 the feedback oscillator capacitor, VG91 the input 
Source signal coupled through a capacitor (not shown), the 
bias VS92, R93, and C96, D92 the diode coupling to the RC 
circuit R94, C911 and the output VM91. An optional C97 is 
shown for improving the quenching process. 

FIG. 10 depicts an example of a conversion of a pseudo 
digital frequency input 1001 to a digital output pulse stream 
1002. As discussed earlier, the repetition frequency rate is 
quasi-digital and needs little processing to be shaped in to a 
digital signal. First if the amplitude peak to peak is Smaller 
than around 0.5 Vpp, it can be amplified. If as shown the 
amplitude is 0.1 Vpp, the gain is about 5 to 20. The amplifi 
cation can be done in one or several steps. Thereafter the 
amplified signal is compared with a reference Voltage V ref 
and create a logic “1” when above V ref and “O'” otherwise. 
One or more logic gates can be added to provide sharp edges 
and TTL level to the now digital signal. The digital repetition 
frequency output signal 1002 can contain the information in 
phase and instantaneous frequency. As mentioned above, it 
can be carried over long distance or in a noisy environment 
and is noise insensitive since the information is not in ampli 
tude. 

FIG. 11 depicts conversion of digital pulse stream 1101 to 
digital equivalent voltage sample 1105. The digital repetition 
frequency signal 1101 can be converted into a digital Voltage 
V(k) 1103 by going through an instantaneous frequency 
meter 1102. Alternatively, the digital repetition frequency 
signal 1101 can be passed through a period meter followed by 
a digital inverse function. The digital voltage V(k) 1105 is 
obtained after scaling 1104 as follow: 

Where 
F(k): kth sample of instantaneous frequency, 
K: a constant in V/Hz 
Vo: constant offset Voltage that corresponds to the Voltage 

(frequency) generated when the LDA input is terminated on 
50 ohm. V(0)=F(k)*K1 at 50 Ohms. 

FIG. 12 depicts an example of an analog frequency to 
voltage converter (FVC). The FVC can be used in conjunction 
with the FM-LDA. It connects to the repetition frequency 
output of the LDA. As its name indicates, it provides an output 
with mean value being the converted voltage. Further low 
pass filtering may be added. This is a simple FVC but it has 
some limitations: the slew rate is slower than the previous 
digital approach for instance and typically needs a few pulses 
to settle to an accurate mean Voltage value. 

FIG. 13 depicts one embodiment of an analog detector. 
Other embodiments are possible. The analog detector can be 
connected to the repetition frequency output (VM1), FIG.9 or 
as well at the input of the amplifier, base of T91 of FIG. 4. 
Further low pass filtering and amplification may be added. 

FIG. 14 depicts another implementation of an LDA. In this 
embodiment of a FM LDA demodulator, the temperature 
compensated bias 1404 for the amplifier input A141 may be 
designed to temperature compensate the amplifier A141. For 
instance, if the amplifier is made of a bipolar transistor, its 
V will change with -2mV/degree. If the DC bias voltage is 
made to decrease as well by-2 mV/degree, the DC voltage on 
the emitter will remain constant and therefore the DC current 
through the resistor R81 as well. 

In another implementation of bias Source, a temperature 
compensated current source may be used. When the amplifier 
is acting as a current amplifier with a constant low frequency 
gain, the output current will Substantially be equal to the bias 
current multiplied by the gain. With a temperature compen 
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12 
sated bias current the amplifier output current will also be 
temperature compensated, assuming that the low frequency 
gain remain constant with temperature. For instance, if the 
amplifier is made of a bipolar transistor, and if the DC base 
current is temperature compensated and constant, the DC 
collector current will be constant as well. The DC emitter 
current is the addition of both base and collector currents, that 
is also constant. A constant current across the resistor R81 
creates a constant DC voltage irrelevant of the variation of the 
base-emitter Voltage. The input bias current source being high 
impedance will automatically provide a Voltage that will 
change with the base-emitter Voltage V of -2 mV/degree 
and compensate it. 
An LDA with FM demodulation may suffer from some 

weaknesses Such as leak of RF energy from its oscillator 
throughout the input port. This is an aggravating factor for at 
least two reasons. First, when the LDA is used as the first 
stage in a RF receiver, the RF energy is fed backward to the 
antenna. This causes the antenna to radiate unwanted energy 
in possibly unintended frequency band(s) and cause EMI 
noise. Second, the leaking energy can be reflected back to the 
LDA input with a different phase versus the input signal-a fact 
that defeats the purpose of regeneration (regeneration is the 
slow buildup of a resonance phase coherent with the input 
signal). Therefore it reduces the RF sensitivity. 

Also additional use of gain can be obtained when a low 
noise amplifier (LNA) precedes the log detector amplifier 
LDA. Indeed, being a regenerative device, the LDA may not 
conform to the noise law for linear circuits such as in a 
conventional receiver chain, where the first amplifier of the 
chain is the key element in determining the noise figure of the 
receiver, as defined by Friis’ formula: 

NF = 10: log(F) in (dB) 

FA - 1 FA 3 - 1 F = FA + i + 1 +... in() 
GA1 GA1GA2 

where NF is the total noise figure, ratio in dB 
where F is the noise figure, ratio in linear; 
F is the linear noise figure of the i' amplifier of the 

amplifier chain; and, 
G is the linear gain of the i' amplifier. 
In the case of a regenerative log amp, the regenerative part 

can improve the SNR when placed in first place, or at any 
location in the receive chain. Therefore the regenerative LDA 
can make good use of a preceding low noise amplifier even in 
a noise limited amplifier receiver chain. Such an LDA may 
amplify further a signal buried in the noise because the 
dynamic range is extended on the low side (noise level) of the 
signal. In such a noise-limited receiver but without LDA, the 
hypothetic addition of a LNA would be of little use since the 
system would be noise limited. 

For instance, adding a 20 dB gain LNA in front of a noise 
limited receiver without LDA would barely increase the sen 
sitivity level by 0 to 2 dB. On the other hand, by using a log 
amp with regeneration factor of say 8 dB would improve the 
sensitivity by a factor of 6 to 8 dB. 

Therefore, the addition of a matching circuit(s) 1401 at the 
LDA input may improve the coupling with the preceding 
circuit and reduce the input reflections. Furthermore the addi 
tion of an isolator 1403 at the input 1402 (e.g., an amplifier 
with high factor of isolation) may further improve regenera 
tion and gain opportunity. 
As stated before, the LDA can be regarded as a LC circuit 

with variable conductance, the later varying cyclically from 
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positive to negative. Consequently the input impedance may 
vary with time and moves, for example, on an arc in the low 
right quadrant of the Smith chart in relation with the time 
variant LDA oscillation cycle. Several input matching sce 
narios are possible: 
A fix matched conjugate at the mean value. 
A fix matched conjugate at the impedance value corre 

sponding to the most interesting behavior point that is 
the signal buildup from the noise. 

A fix matched conjugate at the maximum oscillation 
amplitude level (point in time where the threshold is 
reached). 

A dual impedance matching at a point where a fix matched 
conjugate is at the mean value or at a point where a fix 
matched conjugate is at the impedance value corre 
sponding to the most interesting behavior point that is 
the signal buildup from the noise. 

Variable impedance for instance in synchronicity with the 
LDA behavior cycle. 

FIG. 15 is a schematic block diagram of a low-power, noise 
insensitive communication channel. 

FIG. 16 depicts an exemplary communication scenario. 
The communication channel 1500, which may also be under 
stood to be a physical layer (PHY) or Layer 1 in the Open 
System Interconnection-reference Model (OSI-RM), com 
prises a first device1502 with a first modulator 1504. The first 
modulator 1504 has an input on line 1506 to accept a base 
band signal with encoded information, and an output on line 
1508 to supply a modulated signal having a first carrier fre 
quency, including the encoded information. The modulated 
signal has abandwidth sufficient to Support the type of modu 
lation used. The modulator 1504 can be implemented using a 
number of means that are well known in the art. To name just 
a few examples, modulation can be obtained by controlling 
the bias of a transistor or amplifier, or controlling the input to 
a voltage controlled oscillator (VCO) or mixer. In one aspect, 
the first modulator 1504 has a power control port online 1509 
to receive a variable power level control signal, which enables 
the first modulator to Supply the modulated signal on line 
1508 at a power level responsive to the power level control 
signal. The variable power level feature permits the modu 
lated signal to be sent at minimally sufficient levels so as to 
minimize power consumption or reduce EMI. For example, 
the power level may be set as a result of a power setting 
protocol, where the power levels are adjusted, and the trans 
mitter and receiver communicate to establish a minimally 
sufficient power level to enable the link. Similar protocols are 
used for example in wireless telephone systems. 

Typically, the baseband signal might have a frequency of 
less than 20 kilohertz, and is an analog, an n-ary logic digital 
signal, or an audio (frequency) signal. Otherwise, the base 
band signal may be a fast digital signal, as fast as 1000 MHz, 
Such as might be used between a processor and a fast memory. 
As used herein, “n-ary logic' refers to the number of bits in an 
associated binary logic digital word, where log(n) equals the 
number of bits. A binary logic digital word is a word com 
posed only of “1's and “O's. Alternatively, “n-ary logic' 
refers to the number of possible conditions or states, where n 
equals the number of States. For example, a 2-ary or binary 
logic signal is associated with a one bit binary word or 2 
possible states, and a 4-ary logical digital signal has 2 bits or 
4 possible states. Typically, n is an even integer greater than 1. 
In one aspect not shown, the baseband signal may be a signal 
that has been converted from the digital domain to the analog 
domain using a digital-to-analog converter (DAC). When a 
VCO is used as the modulator, an analog signal at the input is 
converted to a modulated frequency at the output. A single 
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(wire) input with an n-ary logic digital signal may be under 
stood to be an analog signal with n possible input values. In 
another aspect, a digital-to-analog converter (DAC) accepts 
an n-ary logic digital single via multiples wires or a bus, and 
Supplies an analog n-ary modulated signal. In the case of an 
n-ary signal carried on multiple input wires, a digital VCO 
can be used that accepts the n-ary logic digital signal, com 
bines the digital signals, which are then supplied to the DAC 
via a multiple wires. Again, it is noted that the system 
described herein in not limited to any particular modulation 
technique or modulation device. Further, the system 
described herein is not limited to any particular frequency 
range or type of baseband signals. 
The first device 1502 also has a first interface 1510 con 

nected to a hardwire transmission medium 1512 to supply the 
modulated signal. Typically, modulated signal in a format 
such as frequency modulation (FM), phase modulation (PM), 
binary frequency shift keying FSK, n-ary frequency shift 
keying (n-FSK), Gaussian frequency-shift keying (GFSK), 
n-ary Gaussian frequency-shift keying (n-GFSK), minimum 
shift keying (MSK), n-ary minimum-shift keying modulation 
(n-MSK), Gaussian minimum-shift keying (GMSK), n-ary 
Gaussian minimum-shift keying (n-GMSK), pulse width 
modulation (PWM), or amplitude modulation (AM). How 
ever, the communication channel is not limited to any par 
ticular type of modulation. 
The hardwire transmission medium 1512 may be, but is not 

necessarily limited to, either a single-ended or differential 
signal medium, such as a printer circuit board (PCB) metal 
trace, conductive ink, conductive semiconductor trace, con 
ductive polymer trace, bad conductor trace, meta-metal con 
ductor, conductive trace, nanotube conductor, wire, wire 
twisted-pair, wire double twisted pair, wire quadruple twisted 
pair, DSL line, Ethernet line, connector, wire harness, micros 
trip, waveguide, fiber optic cable, power line, coaxial cable, 
or stripline. 
A second device 1514 comprises a second interface 1516 

connected to the hardline transmission medium 1512. A first 
logarithmic detector amplifier (LDA) demodulator circuit 
1518 has an input on line 1520 connected to the second 
interface 1516, and an output to supply the baseband signal 
with the encoded information. The LDA demodulator circuit 
1518 comprises a first frequency-to-voltage converter (FVC) 
1524 to accept a series of second frequency pulses on line 
1522 having a rate of change at least twice as great as the 
encoded information rate, in accordance with Nyquist. 

These second frequency pulses are converted to a series of 
voltage levels at the encoded information rate on line 1528. 
The series of second frequency pulses may also be referred to 
hereinas repetition frequency pulses, f rep, or a quasi-digital 
frequency-pulsed modulated signal. If the encoded informa 
tion is an audio signal, it may be supplied on line 1528. If the 
encoded information is an n-ary logic binary signal, then the 
first FVC 1524 initially converts the second frequency pulses 
on line 1522 into a series of voltage levels on line 1528. 
Depending upon the voltage levels obtained, the type of FVC 
circuit used, and the system requirements, the series of Volt 
age levels at the encoded information rate online 1528 may be 
used as an n-ary logic digital signal. Otherwise, the series of 
Voltage levels are converted into one or more streams of 
digital logic levels online 1530 using a mapping circuit 1532, 
as described in more detail below. In one aspect, as is the case 
of demodulating an audio baseband signal, the FVC circuit 
1524 may simply be a low pass filter. 

In one aspect the first modulator 1504 is a VCO accepting 
an n-ary logic digital signal on line 1506 and Supplying an 
n-frequency-shift keying (n-FSK) modulated FM signal on 
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line 1508. Then, the first FVC 124 supplies log(n) streams of 
baseband binary logic digital signals online 1528, or the logs 
(n) streams of baseband binary logic digital signals are Sup 
plied on line 1530 in cooperation with the mapping circuit 
1532. Alternatively, when n is greater than 1, a single stream 
of n different logic levels may be Supplied by mapping circuit 
1532. 

Although the above-mentioned modulation formats are 
well known and widely used in the communication of infor 
mation via wireless links, their use in a low-power hardwired 
transmission environment is novel. The goal of wireless com 
munication links is primarily to extend the range at which 
distant devices can communicate in a very uncertain variable 
transmission medium (i.e. air). To that end, complex modu 
lation formats have incrementally evolved, such as spread 
spectrum techniques. In contrast, one primary purpose behind 
modulating transmissions in the system described in FIG. 15 
is to reduce the power levels needed to communicate between 
proximate devices connected by a known unvarying transmis 
sion medium, by making communications less Susceptible to 
noise. Since the link between hardwired devices is constant 
and stable, relative simple modulation formats can be used. 
However, the advantages of modulating these transmissions 
would not be able to offset the added complexity and cost of 
using conventional receiver circuitry. Using the LDA 
demodulator circuit however, the power level needed to suc 
cessfully communicate via even a simple modulation format 
(e.g. FM) over a hardwired link is much less the power needed 
to transmit equivalent baseband signals, and this advantage 
can be utilized with a minimum number of components. 
Typically, power consumption of a LDA with a modulated 
signal in excess of a 100 Mbps data rate with a carrier fre 
quency of several GHZ is a fraction of a milliamp at 2V, which 
is about 1 mW in a discrete component implementation. 

FIG. 16 depicts an exemplary baseband input signal Such 
as might occur on line 1506 in FIG. 15. In this example, the 
baseband input signal is a binary logic digital signal. Also 
shown is the encoded information rate or data clock. The 
baseband signal is FM modulated, with the higher frequency 
modulation tone (fH) representing a logical “0” and the lower 
frequency tone (fL) representing a logical '1'. In the lexicon 
developed above, the first carrier frequency may be consid 
ered to be the middle frequency betweenfhandfL. However, 
the first frequency is also intended to have a bandwidth suf 
ficient to cover frequencies flandfL. Subsequent to process 
ing by the LDA demodulator, a series of second frequency 
pulses are Supplied having a rate of change at least twice that 
of the encoded information rate. Such as might be seen online 
1522 of FIG. 15. The period of the second frequency pulses 
associated with fl is T., and the period of the second fre 
quency pulses associated with f is T. The information is 
encoded as the instantaneous frequencies, or the period 
between pulses (TH or TL), as explained in the description of 
FIGS. 21-23 below. In order to distinguish between adjacent 
pulses, the bandwidth associated with the second frequency 
pulses may be higher or considerable higher than the encoded 
information rate. 

Subsequent the FVC circuit, the series of second frequency 
pulses is converted to a series of Voltage levels at the encoded 
information rate, such as would be seen online 1528 of FIG. 
15. Depending on Voltage level and shape requirements, the 
series of Voltage levels may be subsequently input to a signal 
conditioning or mapping circuit. Note: the amplitude levels of 
the signals in FIG. 16 are not drawn to scale. 

FIG. 17 is a schematic block diagram of a variation of the 
communication channel system depicted in FIG. 15. In this 
aspect, the first device 1502 further comprises a second LDA 
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demodulator circuit 1702 having an input online 1704 and an 
output on line 1706. A first switch 1707 has an input con 
nected to the first interface 1510, a first switch position con 
nected to the input of the second LDA demodulator circuit on 
line 1704, a second switch position connected to the first 
modulator output on line 1508, and a control input on line 
1708 to accept a first control signal selectively connecting the 
first switch input to one of the switch positions. 
The second device1514 further comprises a second modu 

lator 1710 having an input online 1712 and an output online 
1714. A second switch 1716 has an input connected to the 
second interface 1516, a first switch position connected to the 
input of the first LDA demodulator circuit 1518 on line 1520, 
a second Switch position connected to the second modulator 
output online 1714, and a control input online 1718 to accept 
a second control signal selectively connecting the second 
Switch input to one of the Switch positions. 

FIG. 18 is a schematic diagram of the first modulator of 
either FIG. 15 or FIG. 17, enabled as an LDA-VCO. The 
LDA-VCO 1800 comprises an amplifier 1802 having an input 
on line 1804 and an output online 1508. A capacitor 1808 is 
connected between the amplifier input on line 1804 and out 
put online 1508 to control the amplifier gain. A variable direct 
current (DC) bias source 1810 is connected to the amplifier 
input on line 1804, responsive to the baseband signal on line 
1506. A first parallel resonant circuit 1812 is connected 
between the amplifier output on line 1508 and a reference 
voltage on line 1814 (e.g., Vcc). The first parallel resonate 
circuit 1812 has a resonance at the first frequency. The ampli 
fier output on line 1508 supplies a signal centered at the first 
frequency and modulated in response to the variable bias 
source. Resistor 1824 connects to amplifier input online 1804 
to a reference Voltage on line 1826 (e.g., ground). 

Here, the first parallel resonant circuit 1812 is shown 
enabled as lumped circuit components using a capacitor 1816 
in parallel with an inductor 1818. However, as would be 
understood by one with ordinary skill in the art, such a circuit 
may be enabled using microStrip and stripline techniques. 
Alternatively, as shown in phantom, instead of modulating as 
a result of varying the bias current, a constant bias current is 
used with a varicap or varactor diode 1820 and capacitor 1821 
connected in parallel with the first parallel resonant circuit 
1812. The varicap 1820 accepts a variable tuning voltage on 
line 1823 from conversion circuit 1822, which is in turn 
responsive to the baseband signal on line 1506. The use of a 
Varicap as a circuit tuning element is well known in the art. 
Alternatively, but not shown, the modulated signal on line 
1508 may be taken from amplifier input online 1804, or from 
the capacitor 1816, by splitting the capacitor into two series 
capacitors and sampling the intersection node. In one aspect 
not shown, the output of the VCO is feed to a phase-locked 
loop, which in turn modifies either the bias current or varicap 
tuning Voltage so as to stabilize the VCO operating frequency. 

FIG. 19 is a schematic block diagram depicting a variety of 
LDA demodulator-enabled communication channels. Prop 
erties of the LDA permit the reduction of EMI and power 
consumption. To take one example, an LDA is able to 
demodulate FM at very low power level. FM is insensitive to 
noise and can be used as an information channel, as carried on 
PCB traces between integrated circuits (ICs). Continuous FM 
modulation has smooth transitions and thus, a low level of 
EMI. The LDA and its counterpart the harmonic VCO of FIG. 
18 have a simple topology and typically don't use more than 
a few transistors. Low level FM (e.g., -40 dBm) can be 
generated by a simple low power VCO. Based on these prop 
erties, a physical communication can be established for logic 
circuits where the physical layer is FM modulated. 
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In a particular implementation, and due to the high noise 
immunity of FM, an n-ary symbol rate can be used (e.g. 
4-FSK), such that the symbol rate is /2 the bit rate. However, 
in the interest of simplicity, 1 symbol=1 bit is used for illus 
tration. Using the above-described communication channels, 
low-powerflow EMI logic chips can be used that have a low 
internal voltage (e.g., 1V) to communicate with low FM 
modulated signals. The standard “0” and “1” Boolean signals 
are used only internal to the ICs. AVCO 1902 in IC 1900 has 
an output connected to hardwire transmission medium 1904. 
VCO 1902 is controlled by the logic internal signal on line 
1906. For instance, F max may be a logical “0” and F min a 
logic “1”. In this example, 100 MHz is generated in response 
to 0 V, and 150 MHz for 1 V. The VCO output level may be 
-40 dBm, or 6.3 millivolts peak-to-peak (mVpp) on a 50 ohm 
transmission line. The VCO's power consumption with a 1V 
Vcc and -40 dBm output is in the range oftens of micro watts 
(uW). A harmonic VCO 402, such as described in FIG. 18, 
requires just a single transistor and an LC circuit. Other VCOs 
that do not require an inductor may be even easier to integrate. 
On the other end of hardwire transmission medium 1904 is 

IC 1908. An LDA demodulator circuit 1910, such as 
described in FIG. 15, has an output on an internal line 1912 to 
Supply the baseband signal that matches the one used to 
modulate VCO 1902. Since the incoming FM modulated 
signal amplitude from the VCO 1902 is very small, the power 
consumption, even if terminated, is in the uW range. If hard 
wire transmission medium 1904 is terminated with a 90 ohm 
resistor, which corresponds to a typical narrow trace on a 
4-layer PCB, the suppression and LDA matching are 
improved. Alternatively, a transmission line (e.g. microStrip) 
with a controlled impedance of about 90 ohms may be used. 
As another alternative, as shown, the hardwire transmission 
medium 1904 can be terminated with a resistor 1930 and a 
capacitor 1932 to a reference voltage such as ground or Vcc. 
Resistor 1930 may typically be 90 ohms and the capacitance 
of capacitor 1932 depends on the signal modulation or pulse 
frequency. The goal is to minimize the DC current flowing to 
ground and effects that unbalance the VCO 1902 or LDA 
demodulator circuit 1910, and to pass the modulated signal or 
pulsed signal on hardwire transmission medium 1918 with 
minimum attenuation. 

Typically, the LDA has a sensitivity down to around -100 
dBm with a bandwidth of a dozen MHz, so that at -40 
dBm+/-20 dB, the LDA is well above its noise floor. The 
LDA's power consumption is minimal at 1V Vcc and -40 
dBm output. Internal to the LDA demodulator circuit 410, the 
baseband logic signal may only have a small amplitude on the 
order of 100 mV. This small signal may be amplified with a 
simple amplifier to 1 Vpp and optionally regenerated with 1-2 
gates. 
As another option, VCO 1914 may send a modulated signal 

to LDA demodulator 1916 at a first carrier frequency. Hard 
wire transmission line 1918 carries a train of second fre 
quency pulses at a relatively low peak-to-peak voltage (e.g., 
50 mVpp). FVC 1920 accepts the series of second frequency 
pulses, converts them to a series of Voltage levels at the 
encoded information rate, and the mapping circuit 1922 Sup 
plies a baseband signal matching the signal modulated by 
VCO 1914. 

In another variation, a single-pole double-throw (SP2T) 
switch with an input on hardwire transmission medium 1934 
switches either to the output internal port of VCO 1926 or the 
input internal port of LDA demodulator circuit to permit a 
half-duplex wired communication Such as is common with 
logic processor pins that can be configured dynamically as an 
input, an output, or an open circuit. In the case of an open 
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circuit, a SP3T switch might be used with one switch position 
left open or connected to a high impedance. In a similar 
manner, IC 1900 may include a LDA demodulator circuit 
1936 to receive a modulated signal from a source (not shown) 
on hardwire transmission medium 1938. Finally, IC 1900 
may include a FVC circuit 1940 to receive a series of second 
frequency pulses from a LDA demodulator circuit (not 
shown) via hardwire transmission line 1942. The voltage 
output of the FVC circuit 1940 is supplied to mapping circuit 
1944, which in turn supplies a baseband signal on line 1946. 
The added complexity of any microprocessors, field pro 
grammable gate arrays (FPGAs), application specific ICs 
(ASICs), and logic circuit is very limited, and offset by a 
reduction in components that become unnecessary with the 
use of LDAs. Switches with additional throw positions may 
be used to create further options. 

Although an example of FM modulation has been used to 
illustrate the example above, a similar implementation is 
possible using PM modulation. Likewise, a similar imple 
mentation is possible using AM modulation, However, the 
use of AM may impact the noise performance, especially if 
amplitude-shift keying (ASK) or on-off keying (OOK) is 
used, as they may generates EMI due to sharp amplitude 
transitions and may likewise be sensitive to EMI Voltage 
noise. 

FIG. 20 is schematic diagram depicting an exemplary ver 
sion of the LDA demodulator of FIG. 15. The behavior prin 
ciple is as follows. An amplifier 2000 is made to oscillate with 
the capacitor 2002 in loopback. A typical amplifier may be an 
NPN or PNP transistor, FET transistor, MOS transistor, or a 
dual gate FET transistor. Also, the configuration of the active 
circuit can be Darlington, common-base, common collector, 
common emitter, cascode, or differential pair, etc. Other types 
of amplifiers, such as single or multiple stage amplifiers, or a 
logic amplifier may be used. The amplifier fabrication pro 
cess can be silicon, Bi-CMOS. gallium arsenide (GaAs), or 
any other semiconductor process. The simplest implementa 
tion is to have a 180-degree shift from the input to the output 
of the amplifier 2000, and the oscillation is maintained with 
capacitor 2002 as a coupling element to control the amplifier 
gain. In one aspect, just a parallel resonant circuit 2004 is 
connected between the amplifier output and a reference volt 
age (e.g. Vcc). In another aspect, a series resonant circuit 
2006 is added to form a quadripole. The quadripole is 
designed to be a bandpass filter with a null phase in the 
passband. An example of parallel resonant circuit is an induc 
tor connected in parallel with a capacitor, a transmission line 
having open(s) or short(s) stub(s) adequately placed, a crystal 
resonator, a surface acoustic wave (SAW) circuit, a bulk 
acoustic wave (BAW) circuit, or a combination of these. 
Similarly, a series resonant circuit is an inductor mounted in 
series with a capacitor, a transmission line having open(s) or 
short(s) stub(s) adequately placed, a crystal resonator, a SAW 
circuit, a BAW circuit, or a combination of these elements. 
The amplifier 2000 resonates at or around the center fre 

quency of the quadripole. When used for FM demodulation, 
for example, the circuit is adjusted to the center of the quad 
ripole null phase range. Moreover, the maximum frequency 
deviation that can be demodulated without distortion is equal 
or larger than the null phase bandwidth, so the bandpass filter 
quadripole is designed to accommodate the target deviation, 
whether narrow or wide. 

Resistor 2008 and capacitor 2010, when connected to the 
amplifier input, charge cyclically and as the Voltage across 
resistor 2008 increases, the output current of the amplifier 
increases. At the same time, the input bias current to the 
amplifier decreases and at a given threshold Switches the 
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amplifier off and quenches the oscillations. At this point the 
charge accumulated by capacitor 2010 discharges into resis 
tor 2008, and as a consequence, the Voltage across resistor 
2008 and capacitor 2010 decreases to Zero. The cycle restarts, 
and since the potential across resistor 2008 and capacitor 
2010 is low, the amplifier bias current from bias circuit 2014 
increases and after a period of time, the oscillations build up 
again. In one aspect, the bias for the amplifier input may be 
designed to temperature compensate the amplifier 2000. For 
instance, if the amplifier 2000 is made from a bipolar transis 
tor, its base to emitter Voltage (V) changes -2 mV/degree. 
If the DC bias voltage is made to decrease by-2 mV/degree 
as well, the DC voltage on the emitter remains constant and, 
therefore, the DC current through the resistor 2008 remains 
COnStant. 

The signal on line 1522 is the series of second frequency 
pulses (output repetition frequency), and its shape may 
resemble the envelope of the first (carrier) frequency present 
at the output of amplifier 2000. The diode 2012 couples the 
amplifier 2000 to the RC circuit of resistor 2008 and capacitor 
2010 and acts as a low pass filter with good RF behavior. It has 
a low impedance when in conduction (positive half cycle of 
the input Voltage) and high impedance when in non-conduc 
tion (negative half cycle of the input Voltage), acting as a 
rectifier and low pass filter when loaded with an RC circuit. A 
proper input match to the amplifier online 1520 via coupling 
capacitor 2018 may improve performance by a significant 
factor. Optionally (see FIG. 9), a capacitor may be connected 
between the cathode of diode 2012 and the input of the ampli 
fier 2000 to increase the coupling and facilitate the repetitive 
cycling. In other implementations not shown, the diode 2012 
can be replaced with an inductor of relatively high value (e.g., 
ten times the inductance value of the first parallel resonant 
circuit 2004, 100 nh to 1 mH). In a further additional imple 
mentation not shown, diode 2012 can be replaced by an active 
component Such as a transistor that is properly biased. 

In common with a Travis discriminator, the LDA demodu 
lator has a “S” curve characteristic output since a low gain 
amplifier is used that only oscillates if the input and output 
signals are 180 degrees out of phase. However, with the LDA 
demodulator, the “S” curve exceeds the quadripole passband 
bandwidth. In consequence the LDA demodulator doesn’t 
need the automatic frequency control (AFC) required by con 
ventional FM discriminators, as the response doesn’t need to 
sit exactly in the center of the “S” curve. Rather, the LDA 
demodulator has an auto-centering effect. If the frequency 
deviation goes high, the repetition rate decreases, and if the 
frequency deviation goes below or lower in frequency, the 
repetition goes faster. If the “S” curve is very wide, it can 
demodulate very wide FM. On the otherhand, if the “S” curve 
is narrow, it can demodulate narrow FM. 
The second frequency pulses on line 1522 contain the 

phase and frequency information and are modulated at a low 
intermediate frequency by the FM input signal. While stan 
dard FM discriminators require a constant amplitude, the 
LDA demodulator has a large amplitude input dynamic range 
and that provides an almost constant repetition rate amplitude 
on line 1522, regardless of whether the input amplitude is 
large or very small. The baseband signal is recovered by an 
analog or digital frequency to Voltage converter (FVC). The 
advantages of the LDA demodulator are high sensitivity over 
a high dynamic range, a constant repetition output amplitude, 
a high skirt ratio (high selectivity), and a demodulation pro 
cess that adds several dB in amplitude to the output signal. 
The optimal AM or phase demodulation occurs when the 

input signal frequency is adjusted to the left or right slope of 
the Bell shape of the LDA response. Moreover, the maximum 
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frequency deviation that can be demodulated with no or little 
distortion is in the linear slope region, so the resonant quad 
ripole circuit must be designed to accommodate the target 
deviation, whether narrow or wide. If the output online 1522 
is conditioned with a low pass filter 2016 (shown in phantom) 
to remove radio frequency (RF) components, an AM, ASK, or 
OOK modulated signal can be recovered. For AM demodu 
lation, the series resonant circuit 2006 may not be needed. As 
an alternative, the output or input of the amplifier may also be 
low pass filtered with filter 2016 to provide a demodulated 
AM signal. Further, a low pass filter 2016 may be coupled to 
a node (at the intersection of two series capacitors (not 
shown)) in the parallel resonant circuit 2004 to provide an 
AM demodulated signal. Since the low pass filter converts the 
series of second frequency pulses to a series of Voltage levels 
at the encoded information rate, in Some aspects it may be 
recognized as an FVC circuit. 

FIG. 21 is a schematic block diagram of a digital FVC 
circuit and mapping circuit. The second frequency pulses on 
line 1522 can be converted into a digital voltage V(k) by going 
through an FVC circuit enabled as an instantaneous fre 
quency meter 2100, so that frequencies F(k) of the second 
frequency pulses online 1522 can be distinguished and output 
online 1528. For example, the instantaneous frequency meter 
2100 may use a digital counter to count the frequencies on 
line 1522 using a clock with a frequency that is at least twice 
as fast as the frequency to be counted. Thus, if the fastest input 
period is 1 over 1 kilohertz (KHZ) and the desired resolution 
is 0.1%, then the clock must be at least equal to (1 kHz)/ 
0.1%-1 Mhz. Thus, a binary counter is required with a num 
ber of bitslog(1 MHz/1 KHZ)-log2(1000)-10. Alterna 
tively, an instantaneous period meter may be used followed 
by a digital inverse function. The scaling circuit 2102 supplies 
the digital voltage V(k) supplied online 1530 after scaling as 
follow: 

F(k): kth Sample of instantaneous frequency; 
K1: a constant in V/Hz: 
VO: constant offset voltage that corresponds to the fre 

quency of the Voltage generated, such that: 

This digital scaling method is required before feeding the 
digital signal to a mapping function (not shown). Subsequent 
mapping is especially useful in the case of an n-ary logic 
signal, as the multi-level voltage signal output by the FVC 
circuit need not be processed using power consuming parallel 
analog-to-digital conversions. 

FIG. 22 is a schematic diagram depicting an exemplary 
analog FVC circuit. The input on line 1522 is the second 
frequency pulses output of the LDA demodulator. The FVC 
circuit 2200 comprises a capacitor 2202, diode 2204, diode 
2206, resistor 2208, capacitor 2210, and amplifier 2212. The 
circuit acts to rectify the second frequency pulses on line 
1522. The circuit tuning acts to emphasis some frequencies 
over others, so that the emphasized frequencies create a pulse 
with an amplitude greater than the deemphasized frequen 
cies. Thus, two or more Voltage levels are created at the 
encoded information rate. If the voltage levels can be clearly 
distinguished from each other, the circuit may act as both an 
FVC and mapping circuit. However, further signal condition 
ing may be performed to create a greater distinction between 
the voltage levels. 

FIG. 23 is a schematic diagram of an exemplary signal 
conditioning circuit. Such a circuit 2300 may be used to 
condition the output signals supplied by the circuit of FIG.22. 
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If the amplitude peak-to-peak for a logical “1” on line 1528 is 
smaller than desired (e.g. 0.5 Vpp), it can be amplified to 
create a required digital signal level. For example, if the 
amplitude of the series of Voltage levels on line 1528 is 0.1 
Vpp, the required gain may be 5 to 20. The amplification can 
be done using amplifier 2302, as shown, or in several steps. 
Thereafter the amplified signal online 2304 is compared with 
a reference voltage 2306 at comparator 2308 and is passed 
when the signal is above the reference voltage. One or more 
logic gates, one logic gate 2310 is shown, can be added to 
provide sharp edges and the desired digital Voltage amplitude. 
When used in conjunction with an FVC circuit, circuit 2300 
may be understood to be an analog mapping circuit for a 
binary stream of data. 

FIG. 24 is a flowchart illustrating a method for communi 
cating signals at a low power level in an EMI environment. 
Although the method is depicted as a sequence of numbered 
steps for clarity, the numbering does not necessarily dictate 
the order of the steps. It should be understood that some of 
these steps may be skipped, performed in parallel, or per 
formed without the requirement of maintaining a strict order 
of sequence. Generally however, the method follows the 
numeric order of the depicted steps. The understanding of the 
flowchart is Supported by the explanations accompanying 
FIGS. 1 through 23. The method starts at Step 2400. 

In Step 2402 a first device transmits a modulated signal 
having a first carrier frequency, including encoded informa 
tion, via a hardwire transmission medium. In Step 2404 the 
hardwire transmission medium is exposed to an environment 
comprising EMI. For example, the EMI can be Gaussian 
noise, pink noise, thermal noise, shot noise, 1/f noise, flicker 
noise, burst noise, transit-time noise, avalanche noise, indus 
trial noise, atmospheric noise, Solar noise, cosmic noise, 
quantification noise, cross-talk noise, electromagnetic inter 
ference, fast transition logic signal EMI, the result of a flick 
ering light that generates EMI through sensitive electronic 
circuit(s), or EMI generated by an oscillator clock. 

In Step 2406 the EMI combines with the modulated signal 
on the hardwire transmission line to create a mixed signal. In 
Step 2408 a second device including a LDA demodulator 
circuit receives the mixed signal. In Step 2410 the LDA 
demodulator circuit amplifies the modulated signal, without 
amplifying the EMI, and in Step 24.12 the LDA demodulator 
circuit Supplies a demodulated baseband signal. In general, 
Step 2412 Supplies an n-ary logic digital signal, an analog 
signal, or an audio signal. 
The LDA demodulator can be contrasted to conventional 

methods of recovering a weak signal buried in noise Such as 
averaging, selective amplification, filtering, synchronized 
detection, spread spectrum, and nonlinear RAMAN optic 
amplifier. With averaging, noise is reduced over several peri 
ods. However the signal is not amplified. Also, averaging 
needs an accurate trigger for reference, and this trigger that 
may be noisy and problematic at low signal levels. Selective 
amplification and/or filtering are frequency dependent and 
stationary, so they don't provide any improvement over time 
in the frequency pass band, or reduce the noise in that pass 
band. This is problematic if the bandwidth is large. Also, 
selective amplifiers have a limited noise rejection. 

Synchronized detection requires a phase lock loop (PLL) 
to lock it to the input signal, which implies a narrow band 
unless more complicated methods are used, and may also be 
problematic at very low signal levels. With Direct Sequence 
Spread Spectrum (DS-SS) the bits are spread over a wide 
frequency spectrum during the transmitting modulation pro 
cess, and eventually communicated over a lossy medium. The 
receiver dispreads energy and makes the demodulated signal 
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appear much higher than the noise floor (e.g. GPS has a 
typical spreading factor of one thousand). By this means, very 
high attenuation can be overcome. Of course, this method 
requires a DS-SS transmitter, which is not practical for many 
applications. Using a RAMAN distributed optic amplifier, the 
SNR can be improved and data transported on fiber optic over 
hundreds or thousands of kilometers with a minimum of 
regeneration. Again however, the use of such equipment is not 
practical in most applications. 

Transmitting the modulated signal in Step 2402 typically 
includes the modulated signal being in one of the following 
formats: frequency modulation (FM), phase modulation 
(PM), binary frequency shift keying FSK, n-ary frequency 
shift keying (n-FSK), Gaussian frequency-shift keying 
(GFSK), n-ary Gaussian frequency-shift keying (n-GFSK), 
minimum-shift keying (MSK), n-ary minimum-shift keying 
modulation (n-MSK), Gaussian minimum-shift keying 
(GMSK), n-ary Gaussian minimum-shift keying (n-GMSK), 
pulse width modulation (PWM), or amplitude modulation 
(AM). For example, Step 24.02 may transmit a signal modu 
lated to carry a baseband n-ary logic digital signal, where n is 
an even integer greater than 1. Then, Supplying the baseband 
signal in Step 2412 includes Supplying an n-ary logic digital 
signal. More explicitly, Step 24.12 may supply a single data 
stream of n logic levels or log(n) binary logic data streams. 
In another example, Step 2402 transmits ann-FSK modulated 
FM signal, and Step 2412 Supplies log(n) streams of base 
band binary logic digital signals. 

In one aspect, transmitting the modulated signal via the 
hardwire transmission medium in Step 2404 includes trans 
mitting via a hardwire transmission medium that may be a 
single-ended or differential signal media, such as a PCB 
metal trace, conductive ink, conductive semiconductor trace, 
conductive polymer trace, bad conductor trace, meta-metal 
conductor, conductive trace, nanotube conductor, wire, wire 
twisted-pair, wire double twisted pair, wire quadruple twisted 
pair, DSL line, Ethernet line, connector, wire harness, micros 
trip, waveguide, fiber optic cable, power line, coaxial cable, 
or stripline medium. In another aspect, Supplying the 
demodulated baseband signal in Step 2412 includes substeps. 
Step 24.12a converts the modulated signal to a series of sec 
ond frequency pulses having a rate of change at least twice 
that of the encoded information rate, also referred to hereinas 
the repetition frequency signal, pseudo-digital pulse-modu 
lated signal, orf rep. Step 24.12b converts the series of second 
frequency pulses to a series of Voltage levels at the encoded 
information rate. As noted above, for example in the expla 
nation of FIGS. 21-23, in some aspects Step 24.12b may 
perform a mapping function, mapping the series of Voltage 
levels into an n-ary logic digital signal. In a different aspect, 
the first device receives a power control signal in Step 2401. 
Then, transmitting the modulated signal in Step 2402 
includes the first device transmitting the modulated signal at 
a power level responsive to the control signal. 
FIG.25 is a flowchart illustrating a method for communi 

cating signals at low power levels. The method begins at Step 
2500. At a first time in Step 2502, a first device transmits a 
baseband signal with encoded information via a first hardwire 
transmission medium. At the first time in Step 2504, a second 
device Successfully receives the baseband signal when it is 
transmitted at a minimally sufficient first power level, or 
greater. At a second time in Step 2506, the first device modu 
lates the baseband signal, creating a modulated signal having 
a first carrier frequency, including the encoded information. 
Generally, the first device modulates a baseband signal that is 
an n-ary logic digital signal or an audio frequency signal. 
However, the baseband signal may be digital or analog, and it 
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not limited to any particular frequency range. At the second 
time in Step 2508, the first device transmits the modulated 
signal, via the first hardwire first transmission medium, to the 
second device at a second power level, less that the first power 
level. At the second time in Step 2510, the second device uses 
an LDA demodulator circuit to successfully convert the 
modulated signal to the baseband signal. 

In one aspect, the first device transmitting the baseband 
signal at the first time in Step 2502 includes transmitting the 
baseband binary logic digital signals via log (n) hardwire 
transmission media, where n is an even integer greater than 1. 
Then, the first device modulating the baseband signal at the 
second time in Step 2506 includes modulating an n-ary logic 
digital signal, creating an n-ary modulated signal. Transmit 
ting the modulated signal at the second time in Step 2508 
includes transmitting the n-ary modulated signal via only the 
first hardline transmission medium, and the second device 
Successfully converts the n-ary modulated signal to the n-ary 
logic digital signal in Step 2510. 

In one aspect, transmitting the modulated signal via the 
first hardwire transmission medium at the second time in Step 
2508 includes transmitting via a hardwire transmission 
medium that is either a single-ended or differential signal 
media, Such as a PCB metal trace, conductive ink, conductive 
semiconductor trace, conductive polymer trace, bad conduc 
tor trace, meta-metal conductor, conductive trace, nanotube 
conductor, wire, wire twisted-pair, wire double twisted pair, 
wire quadruple twisted pair, DSL line, Ethernet line, connec 
tor, wire harness, microStrip, waveguide, fiber optic cable, 
power line, coaxial cable, or stripline medium. 

In another aspect Subsequent to the second time, in Step 
2512 the first device receives a power control signal. Atathird 
time in Step 2514 the first device transmits the modulated 
signal at a third power level less that the second power level in 
response to receiving the power control signal. Then at the 
third time in Step 2516 the second device successfully con 
verts the modulated signal to the baseband signal. 

System and methods have been provided for communicat 
ing baseband information at low power levels in an EMI 
environment. Examples of particular circuit topologies, hard 
ware units, and process steps have been presented to illustrate 
the invention. However, the invention is not limited to merely 
these examples. Other variations and embodiments of the 
invention will occur to those skilled in the art. 
We claim: 
1. A low-power, noise insensitive communication channel 

comprising: 
a first device comprising: 

a first modulator having an input to accept a baseband 
signal with encoded information, and an output to 
Supply a modulated signal having a first carrier fre 
quency, including the encoded information; 

a first interface connected to a hardwire transmission 
medium to Supply the modulated signal; 

a second device comprising: 
a second interface connected to the hardline transmis 

sion medium; 
a first logarithmic detector amplifier (LDA) demodula 

tor circuit having an input connected to the second 
interface, and an output to supply the baseband signal 
with the encoded information; and, 

wherein the LDA demodulator circuit comprises a fre 
quency-to-voltage converter (FVC) to accept a series of 
second frequency pulses having a rate of change at least 
twice that of an encoded information rate, and converts 
the series of second frequency pulses to a series of Volt 
age levels at the encoded information rate. 
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2. The communication channel of claim 1 wherein the first 

modulator accepts a baseband signal selected from a group 
consisting of an n-ary logic digital signal, a digital-to-analog 
converted signal, an analog signal, and an audio signal. 

3. The communication channel of claim 1 wherein the first 
modulator is a Voltage controlled oscillator (VCO) accepting 
an n-ary logic digital signal, and Supplying an n-frequency 
shift keying (n-FSK) modulated FM signal; and, 

wherein the first LDA demodulator circuit supplies the 
n-ary logic digital signal. 

4. The communication channel of claim wherein, the first 
device further comprises: 

a second LDA demodulator circuit having an input and an 
output; and, 

a first Switch having an input connected to the first inter 
face, a first Switch position connected to the input of the 
second LDA demodulator circuit, a second Switch posi 
tion connected to the first modulator output, and a con 
trol input to accept a first control signal selectively con 
necting the first Switch input to a Switch position. 

5. The communication channel of claim 4 wherein, the 
second device further comprises: 

a second modulator having an input and an output; and, 
a second Switch having an input connected to the second 

interface, a first Switch position connected to the input of 
the first LDA demodulator circuit, a second switch posi 
tion connected to the second modulator output, and a 
control input to accept a second control, signal selec 
tively connecting the second Switch input to a Switch 
position. 

6. The communication channel of claim wherein the first 
modulator is an LDA-VCO comprising: 

an amplifier having an input and an output; 
a capacitor connected between the amplifier input and out 

put; 
a variable direct current (DC) bias source connected to the 

amplifier input, responsive to the baseband signal; 
a first parallel resonant circuit connected between the 

amplifier output and a reference Voltage, having a reso 
nance at the first frequency; and, 

wherein the amplifier output Supplies a signal centered at 
the first frequency and modulated in response to the 
variable bias source. 

7. The communication channel of claim wherein the modu 
lator is an LDA-VCO further comprising: 

an amplifier having an input and an output; 
a capacitor connected between the amplifier input and out 

put; 
a DC bias source connected to the amplifier input; 
a first parallel resonant circuit connected between the 

amplifier output and a reference Voltage, having a reso 
nance at the first frequency; 

a varicap connected in parallel with the first parallel reso 
nant circuit, to accept a variable tuning Voltage respon 
sive to the baseband signal; and, 

wherein the amplifier output Supplies a signal centered at 
the first frequency and modulated in response to the 
variable tuning Voltage. 

8. The communication channel of claim 1 wherein the first 
modulator Supplies the modulated signal in a format selected 
from a group consisting offrequency modulation (FM), phase 
modulation (PM), binary frequency shift keying FSK, n-ary 
frequency shift keying (n-FSK), Gaussian frequency-shift 
keying (GFSK), n-ary Gaussian frequency-shift keying 
(n-GFSK), minimum-shift keying (MSK), n-ary minimum 
shift keying modulation (n-MSK), Gaussian minimum-shift 
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keying (GMSK), n-ary Gaussian minimum-shift keying 
(n-GMSK), pulse width modulation (PWM), and amplitude 
modulation (AM). 

9. The communication channel of claim 1 wherein the 
transmission medium is selected from a group consisting of 5 
single-ended and differential signal media, a printer circuit 
board (PCB) metal trace, conductive ink, conductive semi 
conductor trace, conductive polymer trace, bad conductor 
trace, meta-metal conductor, conductive trace, nanotube con 
ductor, wire, wire twisted-pair, wire double twisted pair, wire 
quadruple twisted pair, DSL line, Ethernet line, connector, 
wire harness, microStrip, waveguide, fiber optic cable, power 
line, coaxial cable, and stripline. 

10. The communication channel of claim 1 wherein the 
first modulator has a power control port to receive a variable 
power level control signal, and wherein the first modulator 
Supplies the modulated signal at a power level responsive to 
the power level control signal. 

11. A method for communicating signals at a low power 
level in an electromagnetic interference (EMI) environment, 
the method comprising: 

a first device transmitting a modulated signal having a first 
carrier frequency, including encoded information, via a 
hardwire transmission medium; 

the hardwire transmission medium being exposed to an 
environment comprising EMI; 

the EMI combining with the modulated signal on the hard 
wire transmission line to create a mixed signal; 

a second device including a logarithmic detector amplifier 
(LDA) demodulator circuit receiving the mixed signal; 

the LDA demodulator circuit amplifying the modulated 
signal, without amplifying the EMI; 

the LDA demodulator circuit Supplying a demodulated 
baseband signal as follows: 

converting the modulated signal to a series of second fre 
quency pulses having a rate of change at least twice that 
of an encoded information rate; and, 

converting the series of second frequency pulses to a series 
of voltage levels at the encoded information rate. 

12. The method of claim 11 wherein the EMI is selected 
from a group consisting of Gaussian noise, pink noise, ther 
mal noise, shot noise, 1/f noise, flicker noise, burst noise, 
transit-time noise, avalanche noise, industrial noise, atmo 
spheric noise, Solar noise, cosmic noise, quantification noise, 
cross-talk noise, electromagnetic interference, one or more 
fast transition logic signal(s) EMI, EMI generated as a result 
of flickering light in a sensitive electronic circuit, and EMI 
generated by an oscillator clock. 

13. The method of claim 11 wherein transmitting the 
modulated signal includes the modulated signal being in a 
format selected from a group consisting of frequency modu 
lation (FM), phase modulation (PM), binary frequency shift 
keying FSK, n-ary frequency shift keying (n-FSK), Gaussian 
frequency-shift keying (GFSK), n-ary Gaussian frequency 
shift keying (n-GFSK), minimum-shift keying (MSK), n-ary 
minimum-shift keying modulation (n-MSK), Gaussian mini 
mum-shift keying (GMSK), n-ary Gaussian minimum-shift 
keying (n-GMSK), pulse width modulation (PWM), and 
amplitude modulation (AM). 

14. The method of claim 11 wherein transmitting the 
modulated signal includes transmitting a signal modulated to 
carry a baseband n-ary logic digital signal; and, 

wherein Supplying the baseband signal includes Supplying 
the baseband n-ary logic digital signal. 

15. The method of claim 11 wherein the transmitting the 
modulated signal includes transmitting an n-frequency shift 
keying (n-FSK) modulated FM signal; and, 
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wherein Supplying the baseband signal includes Supplying 

log(n) streams of baseband binary logic digital signals. 
16. The method of claim 11 wherein transmitting the 

modulated signal via the hardwire transmission medium 
includes transmitting via a hardwire transmission medium 
selected from a group consisting of single-ended and differ 
ential signal media, a printer circuit board (PCB) metal trace, 
wire, wire twisted-pair, conductive ink, conductive semicon 
ductor trace, conductive polymer trace, bad conductor trace, 
meta-metal conductor, conductive trace, nanotube conductor, 
wire double twisted pair, wire quadruple twisted pair, DSL 
line, Ethernet line, connector, wire harness, microstrip, 
waveguide, fiber optic cable, power line, coaxial cable, and 
stripline. 

17. The method of claim 11 wherein supplying the base 
band signal includes Supplying a baseband signal selected 
from a group consisting of an n-ary logic digital signal, an 
analog signal, and an audio signal. 

18. The method of claim 11 further comprising: 
the first device receiving a power control signal; and, 
wherein the first device transmitting the modulated signal 

includes the first device transmitting the modulated sig 
nal at a power level responsive to the control signal. 

19. A method for communicating signals at low power 
levels, the method comprising: 

at a first time, a first device transmitting a baseband signal 
with encoded information via a first hardwire transmis 
sion medium; 

at the first time, a second device Successfully receiving the 
baseband signal when it is transmitted at a minimally 
sufficient first power level, or greater; 

at a second time, the first device modulating the baseband 
signal, creating a modulated signal having a first carrier 
frequency, including the encoded information; 

at the second time, the first device transmitting the modu 
lated signal, via the hardware first transmission medium, 
to the second device at a second power level, less than 
the first power level; and, 

at the second time, the second device using a logarithmic 
detector amplifier (LDA) demodulator circuit to suc 
cessfully convert the modulated signal to the baseband 
signal. 

20. The method of claim 19 wherein the first device trans 
mitting the baseband signal at the first time includes trans 
mitting baseband binary logic digital signals via log (n) 
hardwire transmission media, where n is an even integer 
greater than 1; 

wherein the first device modulating the baseband signal at 
the second time includes modulating an n-ary logic digi 
tal signal, creating an n-ary modulated signal; 

wherein transmitting the modulated signal at the second 
time includes transmitting the n-ary modulated signal 
via only the first hardline transmission medium; and, 

wherein the second device Successfully converting the 
modulated signal to the baseband signal at the second 
time includes converting the n-ary modulated signal to 
the n-ary logic digital signal. 

21. The method of claim 19 wherein the first device modu 
lating the baseband signal at the second time includes the first 
device modulating a baseband signal selected from a group 
consisting of an n-ary logic digital signal, a digital-to-analog 
converted signal, an analog signal, and an audio signal. 

22. The method of claim 19 wherein transmitting the 
modulated signal via the first hardwire transmission medium 
at the second time includes transmitting via a hardwire trans 
mission medium selected from a group consisting of single 
ended and differential signal media, a printer circuit board 
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(PCB) metal trace, conductive ink, conductive semiconductor 
trace, conductive polymer trace, bad conductor trace, meta 
metal conductor, conductive trace, nanotube conductor, wire, 
wire twisted-pair, wire double twisted pair, wire quadruple 
twisted pair, DSL line, Ethernet line, connector, wire harness, 
microStrip, waveguide, fiber optic cable, power line, coaxial 
cable, and stripline. 

23. The method of claim 19 further comprising: 
Subsequent to the second time, the first device receiving a 
power control signal; 

at a third time, the first device transmitting the modulated 
signal at a third power level less than the second power 
level in response to receiving the power control signal; 
and, 

at the third time, the second device Successfully converting 
the modulated signal to the baseband signal. 

24. A low-power, noise insensitive communication channel 
comprising: 

a first device comprising: 
a first modulator having an input to accept a baseband 

signal with encoded information, and an output to 
Supply a modulated signal having a first carrier fre 
quency, including the encoded information; 

a first interface connected to a hardwire transmission 
medium to Supply the modulated signal; 

a second device comprising: 
a second interface connected to the hardline transmis 

sion medium; 
a first logarithmic detector amplifier (LDA) demodula 

tor circuit having an input connected to the second 
interface, and an output to supply the baseband signal 
with the encoded information; and, 

wherein the first modulator is a voltage controlled oscilla 
tor (VCO) accepting an n-ary logic digital signal, and 
Supplying an n-frequency shift keying (n-FSK) modu 
lated FM signal; and, 

wherein the first LDA demodulator circuit supplies the 
n-ary logic digital signal. 

25. A low-power, noise insensitive communication channel 
comprising: 

a first device comprising: 
a first modulator having an input to accept a baseband 

signal with encoded information, and an output to 
Supply a modulated signal having a first carrier fre 
quency, including the encoded information; 

a first interface connected to a hardwire transmission 
medium to Supply the modulated signal; 

a second device comprising: 
a second interface connected to the hardline transmis 

sion medium; 
a first logarithmic detector amplifier (LDA) demodula 

tor circuit having an input connected to the second 
interface, and an output to supply the baseband signal 
with the encoded information; and, 

wherein the first device further comprises: 
a second LDA demodulator circuit having an input and 

an output; and, 
a first Switch having an input connected to the first inter 

face, a first Switch position connected to the input of 
the second LDA demodulator circuit, a second switch 
position connected to the first modulator output, and a 
control input to accept a first control signal selectively 
connecting the first Switch input to a Switch position. 

26. The communication channel of claim 25 wherein the 
second device further comprises: 

a second modulator having an input and an output, and, 
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a second Switch having an input connected to the second 

interface, a first Switch position connected to the input of 
the first LDA demodulator circuit, a second switch posi 
tion connected to the second modulator output, and a 
control input to accept a second control signal selec 
tively connecting the second Switch input to a Switch 
position. 

27. A low-power, noise insensitive communication channel 
comprising: 

a first device comprising: 
a first modulator having an input to accept a baseband 

signal with encoded information, and an output to 
Supply a modulated signal having a first carrier fre 
quency, including the encoded information; 

a first interface connected to a hardwire transmission 
medium to Supply the modulated signal; 

a second device comprising: 
a second interface connected to the hardline transmis 

sion medium; 
a first logarithmic detector amplifier (LDA) demodula 

tor circuit having an input connected to the second 
interface, and an output to supply the baseband signal 
with the encoded information; and, 

wherein the first modulator is an LDA-VCO compris 
ing: 
an amplifier having an input and an output; 
a capacitor connected between the amplifier input and 

output; 
a variable direct current (DC) bias source connected 

to the amplifier input, responsive to the baseband 
signal; 

a first parallel resonant circuit connected between the 
amplifier output and a reference Voltage, having a 
resonance at the first frequency; and, 

wherein the amplifier output Supplies a signal cen 
tered at the first frequency and modulated in 
response to the variable bias source. 

28. A low-power, noise insensitive communication channel 
comprising: 

a first device comprising: 
a first modulator having an input to accept a baseband 

signal with encoded information, and an output to 
Supply a modulated signal having a first carrier fre 
quency, including the encoded information; 

a first interface connected to a hardwire transmission 
medium to Supply the modulated signal; 

a second device comprising: 
a second interface connected to the hardline transmis 

sion medium; 
a first logarithmic detector amplifier (LDA) demodulator 

circuit having an input connected to the second inter 
face, and an output to Supply the baseband signal with 
the encoded information; 

wherein the modulator is an LDA-VCO further compris 
ing: 
an amplifier having an input and an output; 
a capacitor connected between the amplifier input and 

output; 
a DC bias source connected to the amplifier input; 
a first parallel resonant circuit connected between the 

amplifier output and a reference Voltage, having a 
resonance at the first frequency; 

a varicap connected in parallel with the first parallel 
resonant circuit, to accept a variable tuning Voltage 
responsive to the baseband signal; and, 
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wherein the amplifier output Supplies a signal centered 
at the first frequency and modulated in response to the 
variable tuning Voltage. 

29. A method for communicating signals at a low power 
level in an electromagnetic interference (EMI) environment, 
the method comprising: 

a first device transmitting an n-frequency shift keying 
(n-FSK) modulated FM signal having a first carrier fre 
quency, including encoded information, via a hardwire 
transmission medium; 

the hardwire transmission medium being exposed to an 
environment comprising EMI; 

the EMI combining with the modulated signal on the hard 
wire transmission line to create a mixed signal; 

a second device including a logarithmic detector amplifier 
(LDA) demodulator circuit receiving the mixed signal; 

the LDA demodulator circuit amplifying the modulated 
signal, without amplifying the EMI; and, 

the LDA demodulator circuit Supplying a demodulated 
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